Cbln1 is a glycoprotein which belongs to the C1q family. In the cerebellum, Cbln1 is produced and secreted from granule cells and works as a strong synapse organizer between Purkinje cells and parallel fibers, the axons of the granule cells. In this update article, we will describe the molecular mechanisms by which Cbln1 induces synapse formation and will review our findings on the axonal structural changes which occur specifically during this process. We will also describe our recent finding that Cbln1 has a suppressive role in inhibitory synapse formation between Purkinje cells and molecular layer interneurons. Our results have revealed that Cbln1 plays an essential role to establish parallel fiber-Purkinje cell synapses and to regulate balance between excitatory and inhibitory input on Purkinje cells.
Introduction
The brain circuitry consists of millions of neurons of diverse types that communicate with each other through synapses. During development, functional circuitry is established through multiple steps (Goda and Davis, 2003) . First, each neuron has to find its proper partner to establish synaptic connections, which is orchestrated by the "synapse organizers" (Fox and Umemori, 2006; Yuzaki, 2011) . Synapse organizers include transmembrane proteins such as neurexin (NRX)/neuroligin (Chih et al., 2005) , leucine-rich repeat transmembrane neuronal proteins (Linhoff et al., 2009) , synaptic cell-adhesion molecule (Biederer et al., 2002) , cadherin family proteins (Takeichi, 2007) and EphB/ephrinB (Kayser et al., 2006) , and secretory proteins such as Wnt-7a (Hall et al., 2000) , fibroblast growth factors (Hall et al., 2000) , and neuronal pentraxins (Xu et al., 2003) . Most of these proteins are expressed specifically on presynaptic or postsynaptic sites and their interaction mediates cell type-specific intercellular interactions which determine whether excitatory or inhibitory synapses are formed. As the number of synapses increases, neuronal activity has to be controlled to maintain balance and prevent cells from being damaged by too Abbreviations: PF, parallel fiber; MLI, molecular layer interneuron; GluD2, glutamate receptor delta 2; Nrx, neurexin; SFK, Src-family kinase; GABA, ␥-aminobutyric acid.
* much excitation. This requires maintaining an appropriate ratio of excitatory and inhibitory synapses (Lu et al., 2009; Levinson and El-Husseini, 2005) . Finally, immature connections need to be structurally and functionally refined by neuronal activity to establish a mature circuitry (Sanes and Lichtman, 1999; Kano and Hashimoto, 2009; Katz and Shatz, 1996) . Studying the mechanisms by which each of these steps takes place is critical to understanding the development of the brain.
The cerebellar cortex consists of relatively simple circuits, which makes it an ideal system to study how neuronal connections are formed (Eccles, 1967; De Zeeuw et al., 2011 ). The only cell type which sends output from the cerebellar cortex is the Purkinje cell (Fig. 1A) . Purkinje cells expand their vast dendritic arbors in the cerebellar molecular layer, where they receive excitatory input from the parallel fibers (PFs: granule cells' axons) and the climbing fibers (axons from inferior olive neurons), and inhibitory input from the molecular layer interneurons (MLIs). Excitatory synapses formed between the Purkinje cells and PFs comprise the highest number of synapses in the brain. Each Purkinje cell forms 100,000-200,000 synapses with the PFs in rodents (Harvey and Napper, 1991) ; proper function of these synapses is essential for motor coordination and learning (Ito, 2002) .
Cbln1 is a synapse organizer that is indispensable for the formation and maintenance of PF-Purkinje cell synapses in vivo (Hirai et al., 2005; Ito-Ishida et al., 2008) . In this review, we will describe multiple aspects of Cbln1's role on Purkinje cells' synapse development. We will describe how Cbln1 mediates structural and functional maturation of PF terminals. We will also give an update on our recent findings of Cbln1's role on MLI-Purkinje cell synapse function. These findings suggest that Cbln1 plays an important role http://dx.doi.org/10.1016/j.neures.2014.01.009 0168-0102/© 2014 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.
